Screening opportunities for HIV-infected women are, however, frequently missed due to low awareness and poorly integrated services. 3, 7 Considering the dual burden of HIV and cervical cancer seen in many LMICs, integrating cervical cancer screening, and other sexual and reproductive health (SRH) services into established HIV programs is clearly a priority. 8 Built on a framework of reproductive rights, comprehensive safer conception services support HIV-affected couples to safely achieve their fertility goals while minimizing risks of horizontal or vertical HIV transmission, and optimizing the couples' overall health status before a pregnancy. 9 In South Africa, over half of women accessing ART are of reproductive age and many express a desire to have children now or in the future. 10 Recognizing this overlap between HIV and fertility desires, safer conception services are recommended as part of the South African National Contraceptive and Fertility Policy released in 2012. 11 Such services create a valuable opportunity for HIV and SRH integration, including for cervical cancer screening.
This study aimed to investigate the feasibility of integrating cervical cancer screening into safer conception services as one component of a comprehensive package of care. The study, in Johannesburg, South Africa, was set within one of the first public sector safer conception services in the country. We also sought to assess the outcomes of cervical cancer screening.
METHODS

Study Context
In April 2015, a safer conception clinic was established in a busy, community health care center in inner-city Johannesburg. The facility offers general services and has an ART clinic, attended by over 21,000 HIV-positive clients. Although national policies have supported the provision for safer conception services since 2012, 11 no standardized, integrated approach or public sector service delivery model has been developed. In particular, prior to introducing the safer conception service at the facility, screening for fertility intentions was ad hoc, and the provision of SRH services, including family planning and cervical cancer screening for HIVpositive women, took place in a separate building from the ART clinic, staffed by different providers. Patients requesting these services were referred to the relevant providers.
Recognizing the lack of service integration, a safer conception clinic was introduced as a dedicated service which operated within the same building as the ART clinic. The service was rendered by primary healthcare nurses who were supervised by a doctor and had received training in safer conception care. An integrated package of care was provided prepregnancy during the baseline visit and subsequent monthly to three monthly followup visits. The package included risk reduction (safer conception) counseling, support for HIV status disclosure, partner HIV testing, ART for women and their partners, preexposure prophylaxis for HIV-negative partners, screening and management of sexually transmitted infections (STIs), care for comorbid opportunistic infections or noncommunicable diseases for both members of the couple, and cervical cancer screening for women with referral for further management where indicated.
Services were delivered according to national guidelines. In the case of cervical cancer screening, South Africa's recommendations differ somewhat from international norms, 1 with screening for HIV-negative women being conducted once in their third, fourth and fifth decades of life, and HIV-positive women being screened as soon as they are diagnosed with HIV infection and then every 1 to 3 years thereafter.
Donor funding supported the safer conception clinic staffing, including clinical, administrative and research staff, job aides and distribution of communication materials to inform patients attending the clinic of this new service. Routine clinical procedures, such as ART supply and Pap smears were funded through the Department of Health and the project was implemented at a Department of Health public sector facility. The only nonintegrated component was medical male circumcision; male partners who requested this intervention were referred to the medical male circumcision clinic within the same facility. Additionally, donorsupported, colposcopy services, which had previously only been available at a nearby tertiary hospital, had recently been established at the study facility. 13 No services for infertility were provided at the clinic. If women did not conceive within 6 to 9 months of trying they were offered referral to a low-cost fertility service in Pretoria, a city about 50 km away.
Enrolment into the demonstration project was completed in April 2017; however, efforts have been undertaken to adapt the model and integrate services into nine primary healthcare facilities in other parts of inner-city Johannesburg.
Study Population
All women of reproductive age who were in an HIV-affected relationship (HIV seroconcordant, serodiscordant, or where one partner had unknown HIV status) who currently desired pregnancy were eligible to attend the service, with or without their partner. Men and women self-referred after hearing about the safer conception service during health talks presented in clinic waiting areas, from leaflets and posters within the facility, or by word of mouth. In addition, facility staff referred clients whom they screened as currently desiring pregnancy.
Cervical Cancer Screening Process
Clients were provided with a standard package of safer conception care with the aim of optimizing their health status before pregnancy and minimizing HIV transmission risks, including cervical cancer screening in the form of a Pap smear which was conducted according to national guidelines.
14 The HIV-positive women, regardless of age, were eligible for a Pap smear if they had never been screened before, or they reported having been screened, but no result could be traced, their last abnormal Pap smear was more than 12 months ago, or they had a normal result more than 24 months previously. The HIV-negative women were offered cervical cancer screening if they were older than 30 years and had not had a normal Pap smear result in the past 10 years. Screening tests for human papillomavirus (HPV) were unavailable within public sector facilities at the time of this study.
Women who were eligible for a Pap smear were offered the service on the same day as their baseline visit, unless they were menstruating, in which case it was conducted at their next visit. Most smears were performed by the safer conception service nurses in a one-stop shop approach, although some were done by a postnatal clinic nurse situated in a nearby room during periods of high patient load.
Pap smear results, which have a reported sensitivity and specificity of 75.8% and 83.4%, respectively, 15 were available within 4 to 6 weeks. If required, women were referred to the onsite colposcopy service and advised to delay pregnancy attempts until their colposcopy results indicated no need for further management. This approach was taken given the risks of having untreated abnormal cervical pathology during pregnancy including pregnancy loss and premature labor and delivery. 16 The rationale for delaying pregnancy attempts was explained to each woman, and her partner if present. Care was taken to minimize the anxiety associated with receipt of abnormal Pap smear results while supporting the couple to delay pregnancy until any abnormal pathology had been addressed.
Data Collection and Analysis
Data on patient demographics and health status were captured on case report forms, medical history was extracted from patient medical records and clinical data were collected during procedures performed as part of the service. Results of Pap smears and colposcopy were obtained by reviewing women's clinical file notes or searching the database of the National Health Laboratory Service, where all the samples were assessed. Data were entered into a REDCap database 17 and analyzed in STATA 14 (College Station, TX).
Coverage (percentage of clients offered screening) and uptake (percentage of clients offered screening who had a Pap smear done) were assessed. Characteristics of women who had a Pap smear were compared with those who did not using χ 2 tests or nonparametric equality of medians tests, as appropriate.
Analysis focused on 2 outcomes of interest: (1) women with any abnormal Pap smear and (2) women with significant pathology requiring colposcopy. Significant pathology included: high-grade squamous intraepithelial lesions (HSIL); persistent low-grade squamous intraepithelial lesions (LSIL) or atypical squamous cells of unknown significance; or any smear in which HSIL or cervical intraepithelial neoplasia (CIN) I or II could not be excluded.
Pap smear results are presented and modified robust Poisson regression was used to separately assess correlates of having an abnormal Pap smear and having a result requiring colposcopy. Robust Poisson regression was used given that the prevalence of the outcome was greater than 10% and the log binomial models failed to converge consistently. 18 Bivariate analyses identified associations between demographic and clinical characteristics and the two outcomes of interest (abnormal Pap smear and significant pathology requiring colposcopy). The final, multivariable models included age, based on face validity and a priori hypotheses, and variables associated with the outcome in the bivariate analysis at P value less than 0.10.
Ethics
Ethical approval was secured from the Human Research Ethics Committee of the University of the Witwatersrand (M150146). The study was conducted according to good clinical practice guidelines and all enrolled clients completed written, informed consent.
RESULTS
Overall, 454 women attended the safer conception service. Of these, 91% (n = 413 of 454) were HIV-positive, having had a positive HIV test a median of 5 years ago (interquartile range, [3] [4] [5] [6] [7] [8] [9] . The vast majority (92%, 382 of 413) were already on ART, with 19% (n = 71 of 382) having initiated in the past year; 51% had a CD4 cell count 500 cells/mm 3 or greater and only 7% had a CD4 cell count 200 cells/mm 3 or less. Overall, 75% (n = 311 of 413) of HIV-positive women had an undetectable viral load (<50 copies/mm 3 ) at their baseline visit, and viral suppression was 82% among those taking ART (311 of 382).
Of all women, 83% (n = 376 of 454) were eligible for a Pap smear (Fig. 1 ). Of these, 18 were never offered a Pap smear by the provider, representing missed screening opportunities due to provider oversight (n = 358 of 376 or 95% screening coverage). A further 30 women were offered screening, but did not take it up (92% uptake). No differences were detected in demographic or clinical characteristics between the 15% (n = 70 of 454, Fig. 1 ) of women who recently had a Pap smear and those who did not. Overall, a Pap smear was performed for 87% (n = 328 of 376) of eligible women, 93% (n = 306) of whom were HIV-positive. Women who were eligible for a Pap smear, but did not receive one, were more likely to be lost to follow-up after their baseline safer conception visit, precluding an opportunity to conduct the Pap smear during follow-up (31% compared with 8% among women who did receive a Pap smear, P < 0.01).
Across all demographic and clinical variables, the only difference detected between those accessing Pap smears through the safer conception service was HIV status, with those receiving a Pap smear being more likely to be HIV-positive (Table 1) .
Of the 321 results available for analysis (7 results were untraceable), 58% (n = 185 of 321) had abnormal cytology, equating to 41% (185 of 454) of all women attending the clinic (Table 2 ). In total, 20% of those who had an abnormal Pap smear result (n = 64 of 321) required colposcopy prior to beginning pregnancy attempts, which translates into 14% (64 of 454) of all women attending the clinic. Among women requiring colposcopy, 31% (n = 20 of 64) were younger than 30 years. Additionally, bacterial vaginosis was detected in 38% (n = 122 of 321) of Pap smears and Trichomonas vaginalis (TV) in 3.4% (n = 11 of 321).
In the bivariate robust Poisson regression assessing correlates of having a Pap smear result of any abnormal cytology, only HIV status was associated with having an abnormal Pap smear (Table 3) . These results were robust in the multivariable model, with only minor changes noted to point estimates. Being HIVpositive increased the magnitude of risk for an abnormal Pap smear about 2-fold, regardless of whether a woman had not begun ART, or had received ART for under 24 months or for over 24 months. Relationships were similar in the models assessing correlates of Pap smear results requiring colposcopy; the magnitude of the association between HIV and duration of ART use was stronger for the colposcopy outcome, though statistical significance was not reached.
About three quarters of the 64 women who required colposcopy had a traceable histology result (n = 47, 73%) ( Table 2) . None of these women had invasive malignancy. Twenty-five (53%) women had evidence of HSIL or CIN II/III, with 20 of these having incomplete resection at the biopsy margins. These women required further follow-up, but no records of a repeat colposcopy could be located. Among the 64 women, 9 had a confirmed pregnancy, 2 of whom conceived before colposcopy was performed. No difference was detected in rates of retention in the safer conception service between women referred for colposcopy and women not requiring colposcopy (95% vs. 91%, P = 0.30).
DISCUSSION
Three key findings emerge from this study. First, integration of cervical cancer screening into safer conception services is feasible and is associated with high coverage and uptake. Most women, despite accessing routine HIV services, had not previously been screened for cervical cancer, illustrating the importance of integration initiatives, such as done in this study. Second, routine cervical cancer screening identifies high levels of significant pathology, particularly among HIV-positive women. Of all women attending the clinic, around 40% had abnormal pathology and one in seven required colposcopy. Third, significant pathology is common despite a large proportion of these women being on ART for several years. This reiterates the importance of cervical cancer screening, regardless of ART status.
Overall, the study supports increasing calls to improve integration of SRH services-including cervical cancer screening and family planning-with HIV services. 8, 19 The benefits of such integration have been demonstrated across numerous countries and service delivery models. 20, 21 In this study, the levels of coverage and uptake observed suggest a high level of client acceptability.
In South Africa, almost all colposcopy services are provided in tertiary-level facilities, with long waiting lists and limited capacity. 13 For example, at the nearby tertiary hospital, only 250 to 300 women access colposcopy annually. 13 Thus, even if current efforts to decentralize colposcopy services to district or primary level care are intensified, only a small portion of need would be met if rates of pathology were universally as high as seen in this study. 22 This study therefore reinforces growing calls for South Africa to review their cervical cancer screening recommendations, 14, 23 particularly with a view to expanding the "see and treat" approaches to bypass weak referral pathways and reduce demand for colposcopy. 15 This would also avoid the need for, and associated costs of, repeated follow-up visits by clients.
Ideally, such a shift in approach would be accompanied by the introduction of HPV testing. This would improve the ability to triage women at highest risk of cervical cancer, 24 enabling them to be prioritized for further management. In an evaluation of HPV testing, Pap smear, and visual inspection with ascetic acid (VIA), Firnhaber et al 15 reported sensitivity/specificity rates of 92%/ 51.4% for HPV, 75.8/83.4% for Pap smear and 65.4/68.5% for VIA when used to screen HIV-infected women in South Africa. In light of the high sensitivity of HPV screening but lower specificity, a combined approach, using both HPV screening and VIA, or HPV screening, Pap smear, and colposcopy would help to optimize the potential benefits while reducing the potential harm of unnecessary interventions, such as colposcopy. 24 This combined approach would help to avoid exposing women to unnecessary discomfort, significant anxiety and potential harm associated with colposcopy or other treatment modalities. 24 Both bacterial vaginosis (BV) and TV are associated with increased HIV transmission and acquisition risks, as well as negative birth outcomes, including miscarriage and preterm labor and delivery. 25 Detecting BV and TV at the time of cervical cancer screening enabled us to manage these conditions effectively. Furthermore, the relatively high rate of BV and TV seen in our cohort may suggest that we saw the "tip of the iceberg" of underlying STIs, as gonorrhea, chlamydia, and herpes simplex virus are not detected on Pap smear. In settings like South Africa, where clinicians rely on a syndromic approach to STI screening and management, many asymptomatic infections are missed. 25 Samples collected during cervical cancer screening could also be used to conduct increasingly affordable point-of-care diagnostic tests for STIs. There is clearly an opportunity, within integrated services, to introduce molecular testing not only for HPV, but also for other common STIs. Assessment is needed of the costs of this approach, weighed against the potential benefits of reducing cervical cancer, mitigating HIV transmission risks, reducing poor obstetric outcomes and minimizing infertility related to STIs. 26 Enhanced screening services could also incorporate screening and management of other conditions, such as noncommunicable diseases including diabetes, hypertension and obesity. Comprehensive, streamlined protocols that address multiple competing priorities are needed to ensure that no single intervention risks forcing other significant public health interventions off the providers' agenda.
The high rates of untreated pathology observed in this cohort may indicate numerous previously missed opportunities to provide cervical cancer screening, especially considering the majority of women had accessed routine HIV and ART care for several years. Such missed opportunities contribute to persistently high rates of preventable cervical cancer deaths in HIV-positive women across Africa. 19, 27 In light of increasing pressures to decongest overburdened health facilities and reduce clinic visits through the provision of decentralized, differentiated services for stable ART clients, 28 it is essential that the need for regular cervical cancer screening among these women is not overlooked. Even though data on whether cervical cancer risk declines after ART are conflicting, a large number of women attending HIV care require cervical cancer screening, regardless of ART use. [29] [30] [31] [32] Within differentiated care models, including community-based adherence clubs, private pharmacy dispensing initiatives, and communication of results via mobile phone technology, women's need for screening for cervical cancer and other conditions needs to be promoted. Community awareness activities are needed to ensure women understand the importance of accessing and advocating for regular screening. 33 Mobile phone technology could be used to send reminders to women accessing new community-based HIV services and to alert them to any results which require follow-up. Newer self-screening tests for HPV and other common STIs, would be ideal for use by women accessing communitybased ART services.
In the long run, the HPV vaccination program, which began immunizing 9-year-olds in 2014, will substantially reduce the burden of HPV-related disease. The vaccine program should, however, not distract from the secondary prevention needs of older unvaccinated women, like those in this study.
The clinical management of abnormal Pap smears in women who are seeking care to achieve a healthy pregnancy poses important questions. Colposcopy procedures prepregnancy may diminish the risk of rapid progression of lesions during pregnancy, 34, 35 avoid the need for more aggressive treatment after childbirth, and reduce the possibility of poor pregnancy outcomes (miscarriage, premature labor and delivery) associated with untreated cervical pathology. 16 Conversely, extensive excisional biopsy to treat cervical pathology has been associated with negative pregnancy outcomes, including mid-trimester pregnancy loss, and premature labor and delivery. 36 These competing risks need to be balanced against each other.
We recognize this study has limitations. It was conducted at a single, urban site, characterized by a largely migrant population living in densely populated high-rise buildings. 37 This, along with the small sample size, particularly of HIV-negative women and HIV-positive women not yet on ART, may limit the generalizability of our findings. Additionally, the study had limited power to assess the relationship between ART duration and the need for colposcopy, resulting in large confidence intervals around our effect estimates. To address this limitation, we also assessed the predictors of having any abnormal Pap smear result and found the results to be robust across the two models. Additionally, although we aimed for a fully integrated service with all Pap smears provided within the safer conception clinic, this was not always possible, perhaps contributing to missed opportunities. Going forward, complete service and provider-level integration would be recommended.
The dual epidemic of HIV and cervical cancer continues to take its toll on women across Africa. 19 Even HIV-positive women who are otherwise well on ART continue to experience higher cervical cancer rates compared to their HIV-negative peers. 6 Effective integration of cervical cancer screening into differentiated ART delivery models, including safer conception services, is critical if cervical cancer screening uptake is to be effectively supported and expanded in the era of decentralization of ART care and in the absence of large-scale national cervical cancer screening programs in LMICs. This project demonstrates that such integration is feasible and detects high levels of significant pathology. Our findings support others' calls for South Africa to update its cervical cancer screening policies, to shift to HPV testing with integrated STI screening via the use of point-of-care testing technologies, accompanied by an expansion of "see and treat" services to relieve the pressure on limited and overstretched colposcopy services.
